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Critical thinking and problem solving skills are currently emphasis
areas in the education of allied health professionals. Use of concept
maps to teach these skills have been utilized primarily in nursing and
medical education, but little has been published about their use in
dietetics education. Therefore the purpose of this study was to eval-
uate the potential efficacy of concept mapping as a learning tool for
nutrition assessment among dietetic interns and its acceptability by
internship preceptors. Nineteen dietetic interns and 31 preceptors
participated in a quasi-experimental pre-/post-design in which the
concept mapping strategy was taught as a replacement for the tradi-
tional nutrition care plan. The pre-concept map mean score was sig-
nificantly lower than the post-concept mean score (28.35 vs. 117.96;
p= 0.001) based on the Student t-test, thus indicating improved crit-
ical thinking skills as evidenced through concept mapping. Overall
students’ perceptions of concept mapping as a teaching-learning
method were more positive than the preceptors’ perceptions. In con-
clusion, internship preceptors and dietetic interns perceived concept
mapping as effective in assisting interns to engage in critical think-
ing, to problem solve, and understand relationships among medical
nutrition therapy concepts. However, preceptors had more negative
attitudes toward concept mapping than the dietetic interns related
to time and effort to complete and evaluate the concept map.
J Allied Health 2009; 38:e97–e103.
Critical thinking has been determined to be an area in health
professions education that needs improvement. The notion
of critical thinking is based on the constructivist theory of
learning that focuses on students’ ability to mesh previous
conceptual knowledge with new knowledge.1 This type of
thinking requires six essential cognitive skills: interpretation,
analysis, evaluation, inference, explanation, and self-regula-
tory judgment.2 In the past, educators have had difficulty
teaching and evaluating critical thinking skills.3 While estab-
lished evaluative tools that assess students’ pre-existing criti-
cal thinking abilities have been investigated, the tools avail-
able to teach this type of thinking are limited.4-6
Joseph Novak designed concept mapping to help opera-
tionalize constructivist learning theory.7,8 Concept mapping
requires students to place ideas and concepts together within
a physical and meaningful framework. These maps display
ideas in a hierarchical structure and tie them together with
explanatory links. Since their development, concept maps
have been used as critical thinking teaching and evaluative
tools and have been shown to facilitate communication
between teachers and students by helping educators identify
the extent of their students’ understanding of a particular
topic.6,9 A recent review of the use of concept mapping in
nursing education concludes that concept mapping is an
effective teaching-learning method.10 Concept maps aid stu-
dents in a three-dimensional level of learning. This benefit
helps them incorporate new knowledge with the old and is
largely attributed to the map’s visual nature.3,8,11-15
Although improved critical thinking skills secondary to
concept mapping have been investigated mostly among nurs-
ing and medical students, the technique is thought to be of
use in other allied health professions, particularly among
dietetics students.16 According to the Commission on Ac-
creditation for Dietetics Education, students in dietetics edu-
cation programs should gain appropriate dietetics-related
knowledge and skills by the completion of their program, all
of which require students to apply critical thinking skills.
These include specific knowledge and skills that together
serve to achieve broader goals of the student: enhancing the
quality of life, enabling the student to work as a dietetic pro-
fessional, and obtain an educational base for continual devel-
opment of professional knowledge and skills. 17 When enter-
ing the working world, dietetic students will need to know
how to apply what they have learned to situations and
patients, rather than regurgitating facts. Therefore, concept
maps may be used to teach critical thinking, ultimately
enhancing the students’ ability to integrate and synthesize
information related to patient nutritional care.
All dietetic students must complete a post-baccalaureate
supervised practice program (internship) of at least 1200
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hours to be eligible to sit for the registration examination for
dietitians. Upon successful completion of the internship and
the examination, dietetics graduates become Registered
Dietitians. 18 A major objective of dietetic internships is to
further develop critical thinking and problem solving skills of
students in the program. As noted previously, there is little
information published on the use of concept maps for teach-
ing critical thinking skills among dietetic interns. Only one
study on the use of concept maps for teaching dietetics stu-
dents at the undergraduate level has been published. These
researchers found that utilizing concept mapping as an
instructional strategy not only enhanced students’ perception
of knowledge of nutrition therapy concepts, but it also
increased critical thinking and problem solving skills.16
Furthermore, there is little information available related to
the perceptions of the usefulness of the concept mapping
process in teaching/learning among dietetic interns or intern-
ship preceptors who instruct and mentor these interns.
Other researchers have attempted to standardize the
process by which concept maps can be used to assess critical
thinking skills. Daley et al6 developed a scoring technique
that evaluated the student’s ability to create hierarchy within
the concept map, draw appropriate cross-links, and utilize
appropriate propositions to describe the relationship between
items. Separately, Hinck and colleagues19 utilized a scoring
technique, which focused on evaluation of patient informa-
tion and development of treatment goals. In addition, these
researchers required that the subjects put this information in
a logical sequence, indicating relationships with cross-links.
Therefore, the purpose of this study was to determine the
potential efficacy of concept mapping as a tool for teach-
ing/learning nutrition assessment and critical thinking among
dietetic interns. In addition, both interns’ and preceptors’
perceptions of the concept mapping process were investigat-
ed. For this study, it was expected that the use of concept
maps as a teaching/learning tool would enhance critical
thinking skills of dietetic interns. The project was approved
by the University Institutional Review Board.
Methods
SAMPLE
This study used a one sample, pre-post design to achieve the
research purposes. Nineteen interns and 31 preceptors in a 9-
month supervised practice program were asked to participate
in the study. All 19 interns and 31 preceptors agreed to par-
ticipate and gave informed consent.
CONCEPT MAPPING TECHNIQUE
At the beginning of the internship, all interns enrolled in the
program were taught the basic concept mapping skills and
were required to complete a concept map on a food related
topic. The students were then introduced to concept map-
ping as a replacement for the standard nutrition care plan.
The standard nutrition care plan involved gathering informa-
tion pertinent to a specific disease state case study and sum-
marizing the nutrition-related problems identified in the case.
Each intern then completed a “pre-assessment concept map”
based on a single patient with end-stage renal disease (case
study data on this patient can be found within figure 1 and
figure 2 concept maps). Over the next nine months, the
interns completed 15 additional concept maps on patients
with various disease states/conditions. At the end of the
internship, the interns were given the same renal patient data
that was used for pre-assessment concept mapping to com-
plete a post-assessment concept map. This methodology was
similar to that described by Daley et al6 and has been more
recently used by Hinck et al.19
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TABLE 1. Scoring Criteria for Concept Mapping
Variable Criteria Points Given
Crosslinks WITH
directional arrow
• Does the map show meaningful connections between one segment of the concept hierar-
chy and another segment?
• Is the relationship shown significant and valid?
• Is there a directional arrow helping to explain the relationship?
• Score 10 points for each link that is both valid and significant with a directional arrow
• If the cross link is not significant/valid, it will receive zero (0) points.
• You will only be evaluating “cross link”.
• You do not need to evaluate lines that designate hierarchy.
10 points each
Crosslinks WITH-
OUT directional
arrow
• Does the map have all of the above components except a directional arrow?
• Score 2 points for each link that is valid and significant, yet does not have a directional
arrow
2 points each
Linking Terms • Do the connecting line and linking word(s) indicate a meaningful relationship between two
concepts?
• Is the relationship valid? For each meaningful, valid proposition/linking term, score 2
points.
• If the linking term is not meaningful, it will receive zero (0) points.
2 points each
SCORING OF THE CONCEPT MAPS
Internship preceptors were trained on the concept mapping
technique and appropriate methods to evaluate the students’
maps as part of their clinical rotations. During training, each
preceptor was given a sample concept map on an unrelated
disease state (not shown) and trained in the concept mapping
technique. This helped to establish a framework for nutrition
assessment components that should be included and linked in
a typical concept map. Three internship preceptors were then
selected to evaluate pre-and post-assessment concept maps.3
These preceptors were given scoring criteria to evaluate the
renal disease concept maps (Table 1). Scores could range
from 0 to an unlimited maximum score depending on the
number of correct nutrition components, valid links and
appropriate linking terms that were included. There was no
“perfect” score since the objective was to determine whether
significant improvement was made as opposed to giving the
student a “grade” for the concept map used in the research
study. The three preceptors’ scores were averaged to give each
intern a pre- and post-assessment concept map score. The
remaining preceptors evaluated the other 15 concept maps
over the course of the internship.
PERCEPTION OF
CONCEPT MAPPING PROCESS
At the end of the internship, the interns and preceptors com-
pleted a questionnaire designed to evaluate their perceptions
of the concept mapping technique. The 20-item question-
naire was adapted from that used by Roberts et al.16 with
undergraduate dietetic students and covered 16 knowledge
areas related to concept mapping. A five-point Likert scale
was used to evaluate each area, with one being strongly dis-
agree to five being strongly agree. Questions asked respon-
dents if they felt concept mapping helped them assess nutri-
tion status, use medical terminology, understand relation-
ships, engage in critical thinking, and enjoy learning about
medical nutrition therapy. There also were questions asking
the respondents if they thought concept mapping was time
consuming, thought provoking, and frustrating.
Descriptive characteristics (e.g. gender, undergraduate
university, and race) were collected from the interns as well as
the preceptors. Students were also asked whether they had
used traditional nutrition care plans as part of their under-
graduate dietetics curriculum. In addition, demographic data
for preceptors included highest degree held, supervised prac-
tice path to registration, years in practice, area of expertise,
and any certifications held other than the R.D.
Results
SPSS version 12 (SPSS Inc, Chicago, IL) was used to gener-
ate descriptive statistics for demographic variables. Inter-rater
reliability coefficients were generated for the pre- and post-
assessment concept mapping scores among the three evalua-
tors to determine if the maps were graded similarly and con-
sistently. Paired t-tests were used to determine if concept map
scores improved significantly from pre to post.
All subjects were students in the dietetic internship at
Louisiana Tech University. Eighteen female interns and one
male intern from 7 different undergraduate programs were
included. Of the interns, there were 16 Caucasians, one
African American, one Hispanic, and one intern who did not
report race/ethnicity. Thirteen of the 19 interns (68.4%) had
been taught traditional nutrition care plans in their under-
graduate program. Thirty-one of the 37 (84%) preceptors
who evaluated interns’ concept maps throughout the super-
vised practice program completed the questionnaire. Twenty-
eight surveyed preceptors worked in an area of clinical dietet-
ics and 38.7% of the dietitians had a master’s degree. Fifty-five
percent had completed either an Approved Pre-professional
Practice Program (AP4, which has since been re-named
“dietetic internship”) or a dietetic internship as their super-
vised practice path to registration eligibility.
Inter-rater reliability coeffcients for scores on the renal
case pre-concept map was .850 and .764 for the post-concept
map. Figure 1 depicts a typical pre-assessment concept map.
Pre-assessment concept maps consisted of fewer valid links,
missing nutrition assessment components (e.g. current intake
missing from pre-assessment concept map, but included in
post-assessment concept map), errors in recording laboratory
data, data recorded in incorrect components (weight record-
ed under laboratory values), and incomplete identification of
medications/dietary supplements. Figure 2 depicts a typical
post-assessment concept map where students made many
more links between components, identified more compo-
nents related to nutrition assessment, and identified more
medications and dietary supplements and their impact on lab-
oratory values and their use in disease management.
Statistical significance was set at p ≤ .05. There was a signif-
icant difference between the mean score of 28.35 on the pre-
assessment concept map versus the post-assessment concept
mean score of 117.96 (t=8.92, p=.001).
Overall students’ comments were positive regarding the
perception of concept mapping as a learning tool. Fifteen of
20 questions asked of students received mean scores ≥ 4.0,
indicating that the interns either agreed or strongly agreed
that concept mapping was an effective learning tool.
Through an evaluation of the mean scores (M) it was deter-
mined interns felt concept mapping positively influenced
their ability to be an independent self-directed learner
(M=4.37); to assess nutrition status (M=4.26 ); increased
their ability to link concepts more than the traditional care
plan (M=4.22); and engaged them in critical thinking
(M=4.37). In addition, students tended to disagree that con-
cept mapping was time consuming (M=2.77) and frustrating
(M=2.46). Interns were less positive in their perceptions of
concept mapping related to enabling them to discuss contro-
versial dietetic issues (M=3.63); exchange ideas with other
RDs (M=3.95); or enjoy learning about Medical Nutrition
Therapy (MNT) (M=3.95). However mean scores on these
three items were still greater than 3.0.
Journal of Allied Health, Fall 2009, Volume 38, Number 3 e-99
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For preceptors completing the concept mapping percep-
tions survey, there was only one mean score that ranked 4.0.
Overall the preceptors felt that concept mapping was time
consuming (M=3.87); but that it helped students understand
relationships (M=4.00). The dietitians’ perceptions of con-
cept mapping as serving to aid students in discussing contro-
versial dietetic issues and being a preferable way to learn
MNT compared to traditional nutrition care plans were pri-
marily neutral (M=3.00 and 3.03 respectively).
Discussion And Conclusions
Similar to previous research on the use of concept maps,
dietetic interns mean concept map scores increased signifi-
cantly from pre to post.3,6,11,15,19 In the present study, dietetic
interns had positive perceptions regarding concept mapping
as a tool to learn connections between concepts related to
MNT. The students agreed that concept mapping benefited
their learning experience by increasing their knowledge of
MNT, increasing their ability to be self-directed learners,
helping them to use critical thinking, and requiring them to
use problem solving skills. Unlike previous studies,15,19 dietet-
ic interns in this study did not perceive concept mapping as
excessively time consuming.
Internship preceptors in this study did not view concept
mapping as favorably as did the interns. Several studies of
concept mapping in the nursing literature have presented
favorable faculty views of concept mapping.6,11,20,21 However
one draw-back that has been cited by both students and fac-
ulty in studies of concept mapping is the time required for
mapping and for evaluating the maps.15,21,22 Shell reported
the greatest barrier to implementation of critical thinking
teaching strategies among 175 nursing faculty to be student
attitudes and expectations including lack of motivation,
resistance to active learning, expectations of a lecture format
and the desire for good grades versus learning. The second
greatest perceived barrier among the nursing faculty was
insufficient time to learn a new teaching strategy.23
For the internship preceptors in this study the concept
mapping process was rated positively as helping students
understand relationships, problem solve, and think critically,
but rated negatively with regard to being time consuming and
frustrating. It is possible that part of the preceptors’ negative
attitudes toward concept mapping could be due to perceived
additional time and work in evaluating the concept maps.
This may present a barrier for the internship director in the
implementation of concept mapping as a teaching/learning
tool for critical thinking in MNT rotations. Hicks-Moore
noted that as nursing faculty and students became more famil-
iar with developing concept maps the time commitment also
decreased.21 Therefore presenting concept mapping well in
advance of initiating it in an internship setting and allowing
preceptors time to develop skill in the process would likely
assist internship directors in gaining the support of preceptors
in its use.
Another possible explanation for the difference in intern
and preceptor perceptions toward concept mapping could be
in the expectations inherent in being a student. Because the
interns were still in school, they likely expected assignments
such as concept maps as a component of the learning experi-
ence in an internship. Additionally, the interns did not con-
sider the concept maps as optional assignments and the time
commitment to complete the maps could have been viewed
as a necessary part of the learning experience. On the other
hand, preceptors agreed to assist in evaluating the concept
maps but may have underestimated the initial time invest-
ment required to become efficient in the evaluation process.
The complexity of the maps must be considered when
assessing the inter-rater reliability for the post-map scores in
this study. Inter-rater reliability was good with the pre-con-
cept map at .850. Pre-concept maps had significantly fewer
valid links as noted by the lower pre-concept scores. As the
students developed knowledge and skill and the ability to
think more critically with regard to MNT, more valid links
were made between concepts and the complexity of the maps
increased. Given the variation in maps among students and
large quantity of information on some of the students’ maps,
an inter-rater reliability of .764, though lower than the pre-
mapping coefficient, is deemed acceptable for the post map-
ping.
The literature on concept mapping reveals some general
limitations that should be addressed when implementing con-
cept mapping in dietetics education. The time required to
create concept maps and to evaluate them has been one of
the most prominent barriers15,19,22 and was noted among the
preceptors in our study, but not the interns. Fortunately, with
practice, time required by the evaluator to grade the maps
usually decreases.24 While our study did not reveal this find-
ing, students may interpret the process of learning and using
concept maps as busy work.24 This limitation may be mini-
mized by allowing adequate time to learn the process8,6,11 and
appropriate feedback on what needs to be included in a con-
cept map before assigning a concept map for a graded class
project.19 Additionally, while maps lend themselves to the
visual learner, linear thinkers have difficultly seeing the map
as anything other than chaotic. Some students may be more
comfortable with the written word.25 Anecdotally, students in
our study stated that the maps were messy and unorganized.
A couple of possible limitations to the present study
should be noted. First a “training effect” may have occurred
among the students simply by completing the pre-concept
map. An effort was made to minimize this effect by not pro-
viding feedback to students on the pre-concept map.
Throughout the 9 month internship, the students continued
their education and completed other concept maps through-
out the internship. As their knowledge and skill increased, it
was reflected in the vast improvement in scores on the post-
concept maps. However, the purpose of concept mapping is
to increase skill in making meaningful and valid connections
between related concepts and it is thought that the improved
scores on the post-concept maps reflect this improved skill. A
second limitation of this study is the small number of dietetic
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interns and the setting of only one internship program. In
future, research on concept mapping as a teaching-learning
strategy for critical thinking should include larger, multi-pro-
gram samples. To strengthen the argument that concept map-
ping develops critical thinking skills, another area of needed
research is to correlate pre- and post-concept mapping with
existing critical thinking measures.
This study provides important information related to the
need for effective strategies to develop critical thinking skills
among dietetic interns. It also highlights the possible barriers
to be overcome when introducing concept mapping as a crit-
ical thinking teaching-learning strategy among internship
preceptors.
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